Objectives: Deep vein thrombosis (DVT) is a major health-care burden in Europe, but exact estimates are lacking. This study reports results from the PREFER venous thromboembolism (VTE) study concerning health-related quality of life (HrQoL) and mortality of patients with DVT. Methods: PREFER VTE was a prospective, observational study, conducted in 7 European countries, designed to provide data concerning treatment patterns, resource utilization, mortality, and QoL. First-time or recurrent patients with DVT were followed at 1, 3, 6, and 12 months. Health-related QoL-as measured by the EuroQoL 5-Dimension 5-Level instrument ( EQ-5D-5L)-was analyzed using Tobit regression with repeated measures, assessing the impact of baseline characteristics stratified by cancer activity. Mortality was analyzed using logistic regression. Results: At baseline, patients with DVT had a 0.14 lower EQ-5D-5L index score (0.72 for total sample) compared to the reference UK population (0.85). The EQ-5D-5L index score improved from baseline to 12 months in patients with active cancer (from 0.70 to 0.79) and those without (0.72-0.87); 7.3% died within a year, a 5.2% excess mortality compared to the age-and gender-adfjusted general population. The 12-month mortality rate of DVT varied between 2.9% in the pooled data from Germany, Switzerland, or Austria and 15.4% in Italy. Furthermore, the mortality rate differed between patients with active cancer and those without (42.9% vs 4.7%). Conclusions: Deep vein thrombosis is associated with a substantial burden of illness in terms of HrQoL at baseline, which following treatment normalizes after 12 months and has a significant mortality rate. In addition, active cancer has a significant impact on mortality and the HrQoL of patients with DVT.
Introduction
Acute venous thromboembolism (VTE), including deep vein thrombosis (DVT) and pulmonary embolism (PE), is a common disorder, with an annual incidence of approximately 1 or 2 cases per 1000 persons. [1] [2] [3] Patients with VTE have increased morbidity and mortality related not only to VTE but also to cancer, surgical procedures, and other medical conditions. 4 Moreover, the burden of VTE may well be underestimated. 3 In 2005, the UK Health Select Committee estimated that hospital-acquired VTE alone is responsible for between 25 000 and 32 000 deaths annually in the United Kingdom. 5 Given the presence of many comorbidities, the number of potential preventable deaths are uncertain but likely to be substantial. The burden of VTE includes impaired quality of life (QoL), additional costs of treatment, and potentially indirect costs due to days lost from work. As such, effective treatment and prevention is imperative. Current guidelines support the use of anticoagulants that decrease mortality and recurrence rates but are also associated with an increased risk of bleeding that is associated with its own burden. Additionally, traditional treatment may require frequent international normalized ratio measurements often by specialized outpatient services.
An epidemiologic modeling study from 2007 offers valuable insights in the burden of VTE in Europe. 3 This study estimated an annual number of symptomatic DVT events of 684 000. The total costs of VTE were estimated at €3 billion per year. To supplement these findings, real-life observational data are worthwhile. The PREFER VTE registry was partly set up to offer such data. This study-as described in Agnelli et al 6 -was established to assess the real-life acute and midterm management of patients with VTE, the use of health-care resources, and to provide data to estimate the costs for 12 months treatment following a first-time and/or recurrent VTE diagnosis in hospitals or specialized centers in Europe. With this registry, data were collected about clinical outcomes, treatment satisfaction, and health-related quality of life (HrQoL) as measured by the EuroQoL 5-Dimension 5-Level instrument (EQ-5D-5L). This manuscript aims to offer supplementary insights into the burden of illness for patients with DVT from a European perspective concentrating on mortality and HrQoL. Within this scope, differences per country and differences between patients with and without active cancer are reported and patient characteristics associated with increased mortality and/or morbidity are identified. A separate publication is available dealing with health-care resource use and productivity loss. 7 
Data and Methods Setting and Study Population
The PREFER VTE registry was a prospective, observational, multicenter study with a follow-up of 12 months and 3545 consecutive enrolled patients from 381 centers (311 active centers, ie, centers that enrolled at least 1 patient) in 7 European countries (Austria, France, Germany, Italy, Spain, Switzerland, and the United Kingdom) between January 2013 and July 2014. Prior to study commencement, the registry protocol was approved by the responsible ethics committees for the participating countries and the relevant hospital-based institutional review boards. All patients enrolled in the registry provided written informed consent. The outline of the study has been previously described. 6 Briefly, patients were eligible to be enrolled into the registry if they were at least 18 years, had a symptomatic, and objectively confirmed first-time or recurrent acute VTE (the index event) defined as either distal or proximal DVT or PE or both. Patients were recruited within 2 weeks of the index event and no exclusion criteria applied. At baseline, patients were assessed through a face-to-face interview in terms of their demography, disease, previous clinical events, risk factors, comorbidities, and presented PE/DVT symptoms, as well as previous treatments. At 1, 3, 6, and 12 months, information regarding the occurrence of clinical event, treatment, resource utilization, HrQoL, and treatment satisfaction during each follow-up interval was measured. The current study concerned patients with DVT, of which 2056 were recruited.
Data Quality Control
The validity of the data entered into the database was assured by training investigators on data collection ensuring a uniform method. Furthermore, a random audit was performed on the centers included in the registry. During these visits, the monitor verified informed consent documentation, performed source data verification against patient's medical records, and controlled consecutiveness of patient enrolment at site. The data collection comprised 2 different sources. These sources included the hospitals or specialized centers at the time of diagnosis of acute VTE and, as hospital-based investigators do not always see patients in the following year for routine clinical care, patients were also asked to participate in follow-ups by phone, safeguarding the collection of resource consumption data. Information was collected directly from patients during standardized phone calls at 1, 3, 6, and 12 months after baseline. The data entered in the database were checked electronically for completeness and plausibility at the time of data entry and additional validation was performed on data sets.
Analyses and Statistics
Descriptive statistics of baseline measurements were provided, including demographic (age, gender, body mass index [BMI], marital status, and country), clinical factors (with previous VTE event, distal vs proximal, and [un]provoked; note 1), previous clinical event (within 3 years prior to enrollment: myocardial infarction, coronary heart disease, percutaneous coronary intervention, atrial fibrillation, transient ischemic attack, stroke, or bleeding event), risk factors (within past 3 months or ongoing: active cancer, prolonged immobilization, >5 days in bed, varicose veins, history of major surgery or trauma), comorbidities (hypertension, congestive heart failure, vascular disease, dyslipidemia, diabetes, chronic venous insufficiency, renal disease, liver disease, chronic respiratory disease, arthritis, lower extremity paralysis, bone fracture/softtissue trauma, alcohol use, smoking history, thrombophilia, and cardiovascular disease), and the presence of DVT symptoms. Treatment at baseline and use of heparin, vitamin K antagonist (VKA), or direct oral anticoagulants (DOACs) are also tabulated. Patients receiving ongoing treatment for cancer are labeled as "active cancer" patients. Country-specific differences are analyzed for which Austria, Switzerland, and Germany are combined into one prespecified region label (DACH). The DACH countries were grouped as patient population, practice patterns and health-care systems were assumed to be similar, and the number of sites for Germany, Austria, and Switzerland were, respectively, 74, 5, and 3. Further details are described elsewhere. 8 Health-related quality of life. The analysis of HrQoL was performed using the EQ-5D-5L. 9 The EQ-5D-5L data were collected through face-to-face interview at baseline and by telephone interview during the follow-up. The EQ-5D has 5 dimensions: mobility, self-care, usual activities, pain/discomfort, and anxiety/depression. Within each dimension, one may have no problems, slight problems, moderate problems, severe problems, or extreme problems. Based on the individual response to the descriptive system (5 dimensions and their responses), a health state can be defined (eg, 11111 or 21112). For each health state, an index score is assigned, which represents social preference toward each state. The distribution of responses of each dimension and EQ-5D-5L index score at baseline and each follow-up were presented by country and cancer subgroups. The population reference values of EQ-5D-5L index scores, based on the UK EQ-5D-5L valuation study, 10 were compared to the DVT population. Subsequently, the association between baseline characteristics and the EQ-5D index score was assessed using a Tobit regression model with repeated measures. The baseline characteristics included age, gender, BMI, previous clinical events, clinical factors, comorbidities, and risk factors. Symptoms at baseline, which were significantly related to HrQoL, were excluded from the analysis. There is an upper limit of one in the EQ-5D-5L index score, and up to 5 assessments for any one patient were made over the 1-year follow-up. As a sensitivity analysis, the impact of VTE recurrence and bleeding events during follow-up and the impact of treatment on the EQ-5D-5L index score were tested.
Mortality. Following enrolment in the registry, mortality data were collected at baseline and at each follow-up through a standardized questionnaire completed by the investigator. The primary outcomes were 12-month mortality rates by country, for patients with and without active cancer. The observed DVT patient mortality rates were compared with the age-and gender-matched mortality rate from the UK general population. 11 Separate logistic regression models were used to identify which individual baseline characteristics and DVT symptoms were significantly associated with mortality in both groups after backward stepwise elimination. Additionally, logistic regression models were run after adding the HrQoL data at baseline (EQ-5D-5L index score) as an explanatory variable for survival. Sensitivity analyses addressed differences between countries. Treatment type was not included in the analyses as this was highly correlated with country, the DOACs were not reimbursed in Italy and Spain at the time of the data collection.
Missing data. There was missing information due to lost followup (death or incomplete data), at each follow-up. No imputation was conducted for any missing value in the main analysis. However, the difference in baseline characteristics between patients who completed the follow-ups and those who did not were tested, using w 2 , rank-sum test, or t test where appropriate. Furthermore, a sensitivity analysis, using the multiple imputation technique to generate values for missing data, was conducted to evaluate the potential impact of missing data. Baseline characteristics and available index scores at different time points were used for imputing missing data.
Results

Patients Characteristics
Among 2056 patients with DVT at baseline (Table 1) , mean age was 59.8 and 52.9% were male; 30.3% of patients were from DACH, followed by Italy 28.0%, the United Kingdom 18.2%, Spain 12.0%, and France 11.6%. One-quarter of patients with DVT had previous VTE events, 71.3% were proximal (28.7% were distal DVT), and 27.5% were provoked DVT. Deep vein thrombosis can be provoked (defined by having prolong immobilization, >5 days in bed, or history of major surgery or trauma)-or unprovoked, but accompanied with comorbidities. Of the provoked patients, 5.1% had a known thrombophilia condition at baseline, while this percentage was 8.5% in patients without provoked DVT. The most common comorbidity among the patients with DVT was hypertension (39.7%). One-third (30.3%) of patients had a smoking history. Commonly reported DVT symptoms included pain (82.8%) and swelling (73.4%). In 8.5% of patients, active cancer was diagnosed. Most patients received heparin at baseline (64.9%), followed by VKAs (42.7%). Only 26.8% of patients used DOACs (mostly in France and DACH). Detailed baseline characteristics per country are reported elsewhere. 7 Patients with active cancer were significantly older and had a higher proportion of liver disease and history of major surgery or trauma. Patients with active cancer had fewer previous VTE events and reported less alcohol use, cardiovascular disease, prolonged immobilization, and varicose veins. The percent of patients with active cancer differed substantially between countries. In DACH, Spain, and the United Kingdom, less than 5% of the included patients had active cancer, in France 12.2% and in Italy 15.8% of the patients who were included had active cancer. At baseline, patients with active cancer were most often treated with heparin and significantly less (than those without active cancer) with VKAs or DOACs. Direct oral anticoagulants were infrequently used in Italy and Spain at the time of the data collection. 7
Health-Related Quality of Life
At baseline, 1921 patients completed the HrQoL questionnaire, 1366 at 1 month, 1163 at 3 months, 1013 at 6 months, and 847 patients completed the HrQoL questionnaire at 12 months. Figure 1 presents the distribution of each dimension of EQ-5D-5L and death at baseline and each follow-up for patients with active cancer and those without. Among 5 assessment time points, baseline had the highest proportion of patients reporting problems for each dimension. Furthermore, among the 5 dimensions, self-care was the dimension where patients reported fewest problems, while pain/discomfort had the highest proportion of reported problems. In patients without active cancer, trends showing less problems or indicating less severity of problems over time were seen across dimensions. Findings were similar for patients with active cancer, although less obvious due to the high mortality rate. The mean EQ-5D-5L index score moved from 0.717 at baseline to 0.866 at month 12 in patients without active cancer, whereas in patients with active cancer, the mean index score changed from 0.700 to 0.788 over this time, showing a small increase in EQ-5D-5L index score in both groups (Figure 2 ). The index score at month 12 of patients without active cancer is similar to that of the average UK population, which based on a recent UK valuation study can be estimated at 0.852. 10 When death was scored as 0, a substantial drop in index score over time was observed in patients with active cancer. This is explained by a higher proportion of death occurring in the cancer group.
The Tobit repeated-measures regression on EQ-5D-5L index scores for patients without active cancer, excluding the presence of bleeds and recurrent VTE events, showed significant effects for a selection of factors (Table 2) . Male gender and thrombophilia were associated with a higher EQ-5D-5L index score, suggesting a protective effect. Adding a recurrent VTE event and bleed as predictors in the model showed these events have no significant impact on EQ-5D-5L index score. Thus, although the effect of the events on index score is negative, having additional events on top of the index event does not appear to decrease HrQoL in a statistically significant differences between countries remain. For patients with active cancer, age, prolonged immobilization and bone fracture/softtissue trauma were associated with a lower EQ-5D-5L index score, while male gender and previous VTE events were associated with a higher EQ-5D-5L index score. Country effects were not present for patients with active cancer.
The results of sensitivity analyses, addressing potential selection bias, were mostly aligned with the main results. As shown in Appendix Figure 1 , after the imputation, the trend of improvement over time was less obvious compared to that in the main analysis (without imputation, Figure 2B ). The same set of significant covariates was observed in the Tobit regression using the imputed data.
Missing Data
Patients who did not complete EQ-5D-5L at 12 months followup were younger, mostly British, and with less dyslipidemia, chronic venous insufficiency, and thrombophilia, but more smoking history.
Mortality
The mortality rate at 12 months for patients with DVT was 7.3% (128/1766 patients with mortality information). The mortality rate differed among countries, 6.7% (14/210) in France, 2.9% (16/554) in DACH, 15.4% (75/487) in Italy, 6.1% (14/ 228) in Spain, and 3.1% (9/287) in the United Kingdom (P value .0001). Moreover, there was a clear distinction between cancer subgroup, as 43.0% with active cancer and 3.8% without active cancer died within a year. In comparison, the age-and gender-adjusted (reflecting DVT study population) annual mortality rate of a UK general population was estimated at 2.1%. Table 3 presents the cause of death at each follow-up time point for all patients with DVT and by cancer subgroup. Among all observed deaths, only 3.1% were VTE related. This proportion is almost similar in the cancer subgroups. A difference between the 2 groups was observed in cardiovascular death, which was more common in patients without active cancer (11.5% vs 3.0%). Figure 2 . A, EQ-5D-5L index score at baseline and follow-up by country. B, EQ-5D-5L index score at baseline and follow-up by patients with and without active cancer. Table 4 presents the results from 2 models analyzing mortality as a function of patient characteristics with a breakdown in patients with active cancer and those without, including and excluding HrQoL as an explanatory variable. In patients without active cancer, increasing age, decreasing BMI, more than 5 days in bed, major surgery, varicose veins, previous atrial fibrillation, liver disease, smoking history, and alcohol use showed a significant association with all-cause mortality. Most effects are positive, having an association with higher mortality (odds ratio [OR] > 1). Body mass index, major surgery, varicose veins, and alcohol use show protective effects (lower mortality, OR < 1). In patients with active cancer, BMI, varicose veins, and liver disease were significant predictors. Health-related QoL index score showed a significant association with mortality in both cancer groups without major changes in the effects of the other variables. No country effects were seen in any models when repeating the above regression analyses with the addition of this as a predictor (the United Kingdom as the reference country).
Discussion
This study aimed to contribute to current scientific knowledge regarding the burden of DVT in Europe, based on realworld data as collected in PREFER. The EQ-5D-5L index score was 0.136 lower (0.716 at baseline) in patients with DVT than that in the reference UK population (0.852). Following treatments, the HrQoL normalizes over 12 months, particularly noticeably in patients with nonactive cancer (0.866). The mortality results show substantial differences in cancer subgroups, 43.0% for patients with active cancer and 3.8% for those without at 12 months. Both groups had excess mortalities, higher than that of the age-and genderadjusted UK mortality.
Utility
Overall, patients had the worst index scores at baseline (after the index event) and the scores gradually improved over time. Furthermore, larger differences are seen when evaluating patients with and without active cancer. The observed improvement of the index score was based on the alive patient population who participated in the follow-up. With the inclusion of patients who died (with a score of 0), the average index score decreased. One must note that patients who were lost to followup usually tend to be less healthy with lower EQ-5D-5L index scores and so results should be interpreted with caution. As demonstrated in Appendix Figure 1 , after including the imputed missing values, the improvement over time was relative limited, particularly for survivors with cancer. The analyses of HrQoL and patient characteristics included some unexpected results. For patients without active cancer, there is a suggestion that thrombophilia significantly improves HrQoL, which may be due to unobserved interaction, confounding, or possibly the patients' interest in general health and preventive therapies. For patients with active cancer, previous VTE event was significantly associated with a higher EQ-5D-5L index score. Tobit repeated-measures regression model results will be less robust because of the small sample size of the active cancer group, incurring wider confidence intervals for the predictors included in the models. When including country as a predictor for EQ-5D-5L index score, France, DACH, and Italy (vs the United Kingdom) were found to be significant predictors of improved EQ-5D-5L index score. Thus, even after correcting for case mix, differences between countries are found. This implies that there may be other factors contributing to this difference in EQ-5D-5L index score that were not included in the current analysis.
To the authors' best knowledge, the current study is the first reporting EQ-5D-5L data in patients with DVT outside clinical trials. A few studies examined HrQoL of patients with DVT using EQ-5D 3 level. [12] [13] [14] Utne et al showed that EQ-5D-3L index score (0.72) after a mean follow-up time of 5 years in 254 patients with previous DVT was lower than age-and sexmatched "buddy" controls. The index score was also significantly lower than age-and sex-adjusted population norms. 12 Marvig et al 13 evaluated newly diagnosed patients with VTE and found similarly to our study an improvement of the index score over time after evaluating complete cases only at baseline and 3 months follow-up. The authors also reported betweencountry differences in HrQoL of patients with VTE. Their study suggested various factors that might explain the country variation, such as different response style, reference levels, external factors, and cultural differences. 13 However, comparisons of our study with those in the literature should be clinical factors, comorbidities, risk factors, and DVT symptoms at baseline, as well as EQ-5D-5L index score), the regression results showed that country variation was not a significant predictor for survival in patients with or without active cancer. This suggests that the higher mortality in Italy versus the United Kingdom can mostly be explained by differences in patient characteristics.
The study also showed a substantial difference in mortality between patients with and without active cancer. For patients without active cancer (91.5% of the total DVT sample), the mortality rate at 12 months was 4.7%. This still implies an excess mortality of 2.6% compared to the age-and genderadjusted general population. Regression results of this subgroup showed that high BMI, major surgery, varicose veins, and alcohol use had a protective effect on the 12-month mortality rate. One could argue that these predictors are present in a relatively healthy group and that short-term mortality in these patients is lower compared to more severe comorbidities and risk factors. As for the patients with active cancer (8.5% of the DVT sample), 43% died within a year. As in the PREFER registry, patients with VTE cancer with a poor prognosis were less likely to be included, the current estimate can be considered as conservative. A recent trial analysis in patients with cancer with DVT (with or without PE) reported a 23.9% mortality rate at 6 months in patients with standard therapy. 15 However, most mortality rates reported in recent randomized controlled trials for DOACs tend to be lower, which is likely related to the selection of relatively healthy patients.
Our study reported a mortality rate of 7.3% at 12 months, which is lower than the numbers reported in other population cohort studies with long-term follow-up. A nationwide population-based cohort study in Denmark following firsttime VTE diagnosed patients over the period of 30 years reported a 31-to 364-day mortality rate of 13% for patients with DVT. 16 The study also reported that mortality after DVT remained fairly constant over the past 3 decades. A Norwegian population-based study of 740 patients with a first-time VTE reported 1-year mortality rate of 21%. 17 Martinez et al 18 reported a mortality rate of 21.6% after 1 year for patients with VTE, using the UK Clinical Practice Research Datalink with Hospital Episodes Statistics. In addition, Cohen et al 19 reported 64.5 % mortality after 1 year for patients with DVT with active cancer based on the same UK data set. The fact that the current study includes both first-time diagnosed and recurrent patients with DVT may contribute to the observed differences. The 2-week recruitment window might also result in recruiting less severe patients.
Strengths and Limitations
The PREFER in VTE registry provides a rich data source of epidemiology, management, and outcomes of VTE based on a large sample with frequent timings of measurements in a realworld setting. It is one of largest prospective disease registries in VTE. The PREFER in VTE collected data from 7 European countries, providing much-needed data in the light of current scarcity of data for the region. Furthermore, the design of PRE-FER-including both proximal and distal DVT-allowed all types of patients with DVT to be recruited, providing a source of heterogeneous data in a real-world setting. Similarly, the PREFER registry was conducted at time when DOACs availability varied among countries, offering a unique opportunity of understanding the potential impact of DOACs.
The main limitation of the study is missing data, which is not a unique problem to this registry. There are many possible approaches to impute missing values; however, in this study, the multiple imputation method was employed and resulted in a similar finding as that of the main analysis, particularly the factors determining the HrQoL. It is unclear to what extent the approach to include subsequent patients who fulfilled the inclusion criteria may have given a higher likelihood to include relatively mild, returning patients thus underestimating the impact of DVT on mortality and HrQoL. The causes of death were not adjudicated by a centralized committee and this is also a limitation.
Conclusion
The HrQoL in patients with DVT at baseline are below ageadjusted UK estimates. The mortality rates are higher than the average mortality rates in the general UK population. Even after distinguishing between patients with DVT with and without active cancer, an excess in the burden of illness, as measured by HrQoL and mortality in patients with DVT compared to the general population, was found. Following treatments, the HrQoL normalizes over 12 months, particularly noticeably in patients with nonactive cancer. Figure A1 . Imputed 5-level EQ-5D instrument index score at baseline and follow-up by patients without active cancer and with active cancer.
